timing correlation has been proposed to play a role in cortical function (Gray, 1999; Fries, 63 2009). Correlations can arise from common input to a pair of cells from a presynaptic 64 neuron or pool of neurons. However, modeling work has shown that correlations can betungsten electrodes or tetrodes (Thomas Recording), inserted normal to the cortical 104 surface. The electrodes were aligned using a microscope to the end of the guide tube, and 105 advanced together through cortex, sampling in 200 μm intervals until all electrodes had 106 exited into white matter. Neuronal receptive fields were within 5˚ of the fovea. 107 108 V2 recordings were performed by angling the electrodes 20° from vertical, in the sagittal 109 plane, and advancing through V1 into the white matter. V2 recordings were performed 110 while monitoring the activity of a population of neurons in the superficial layers of V1, 111 using "Utah" microelectrode array recordings (described in Smith and Kohn, 2008) . 112 113
Signals were bandpass filtered between 0.3 and 10 kHz and sampled at 40 kHz. Waveform 114 segments that exceeded a user-defined threshold were sorted offline (Plexon Offline 115 Sorter). We quantified sort quality using the signal to noise ratio (SNR) of each candidate 116 unit (Kelly et al., 2007) , keeping units with a SNR of at least 2.3 and a response of at least 2 117 sp/s to the best grating stimulus (502 units in V1 and 122 in V2). Changing the SNR or 118 responsivity threshold did not qualitatively change any of the results described herein. The 119 local field potential (LFP) was obtained by band-pass filtering the raw signal (0.3-250 Hz) 120 and sampling at 1 kHz. 121 122
Visual stimulation 123 124
Stimuli were generated using EXPO and displayed on a linearized CRT monitor (mean 125 luminance 40 cd/m 2 , 110 cm from the animal) with a resolution of 1024 by 768 pixels and 126 a refresh rate of 100 Hz. Stimuli were presented in a circular aperture surrounded by a 127 gray field of average luminance. We mapped the spatial receptive field (RF) of units by 128 presenting small (0.6°) drifting gratings at a range of spatial positions. We then centered 129 our stimuli on the aggregate RF of the recorded units. Stimuli were viewed binocularly and 130 presented for 1.28 seconds, separated by 1.5 s intervals of isoluminant gray screen (except 131 in one penetration, for which the interval was 10 s). We presented full-contrast drifting 132 sinusoidal gratings at 8 or 12 orientations spaced equally (30˚ or 45˚ increments). The 133 spatial frequency (1-1.3 cpd) and temporal frequency (3 or 6.25 Hz) values were chosen to 134 correspond to the typical preference of parafoveal V1 neurons (De Valois et al., 1982) , and 135
were held constant across sites in the same penetration. The position and size (3.9-5.3˚) of 136 the grating were sufficient to cover the receptive fields of all the neurons. We use the 137 smallest stimulus that covered the receptive fields for both eyes. When the eyes were not 138 aligned, we used two smaller stimuli, each covering the receptive fields for one eye. For LFP spectral analysis, we used LFPs acquired from all depths at which we recorded 176 single neurons that met the criteria discussed above. We calculated the spectrum for each 177 trial separately, and then averaged across trials and stimuli. We then normalized the 178 average spectrum from each electrode to unity area prior to analysis, because of 179 differences in raw LFP amplitude across some electrodes. We did not calculate power with 180 respect to that observed under spontaneous conditions because we wished to measure 181 effects over a broad frequency range, for which some frequencies were suppressed and 182 some enhanced relative to the spontaneous LFP. 183 184
For V2 recordings, we first calculated CCGs between every pairing of V1 and V2 neurons 185 and then averaged across all conditions and pairs. We defined the input layers to be those 186 V2 sites at which we observed evidence that neurons received direct input from V1 187 (Tanaka, 1983; Reid and Alonso, 1995) Fig 1D) , where input from the lateral geniculate nucleus 234 (LGN) arrives, and activation in superficial and deep layers follows. Although CSD analysis 235 is typically performed on data recorded simultaneously across cortical layers, this is not 236 required as the analysis is based on signals that are averaged across trials. 237 238
Our CSD analysis provided clear sinks in 6 of the 8 recorded penetrations (see Methods for 239 criteria) and these were confined to 1-2 recording sites, consistent with the thickness of 240 layer 4C (Fitzpatrick et al., 1985; Lund, 1988) . We aligned the data from these 6 241 penetrations based on the site of the most prominent sink, and defined this site (the single  242 depth with the strongest sink) as in the middle layers. Using this CSD-based designation 243
( Fig 1E) , we found that r sc was higher at superficial (0.097 ± 0.003, n = 1347 pairs, 244 p=1.2x10 -10 ) and deep sites (0.076 ± 0.006, n = 971, p=1.2x10 -4 ) than in the middle layers 245 (0.018 ± 0.018, n = 333). The mean value of r sc in the middle layers was not significantly 246 different from zero (p=0.27). Thus, CSD analysis confirmed that the site of low correlations, 247 evident when data were aligned by final site at which neuronal activity could be detected, 248 was in the middle layers. 249 250
As a third method to confirm the laminar location of our recording sites, we made and 251 recovered electrolytic lesions in 3 of the 8 penetrations. We made lesions only at the final 252 recording sites and again 200-300 μm into the WM, so as not to influence the recorded 253 responses. In each case, the recovered lesions were at the expected locations, as shown for 254 one section in Figure 1C (black arrowheads respectively. To explore the laminar dependence of spike timing correlations, we computed 298 the shuffle-corrected CCG for each pair and averaged CCGs from all pairs recorded at each 299 depth, aligned by the CSD (Fig 2A) . 300 301
CCGs in the superficial and deep layers had broad central peaks, but these were absent in 302 the middle layers. This is consistent with the laminar variations in r sc , since r sc is 303
proportional to the integral of the CCG (Bair et al., 2001). The CCGs in the middle layers 304
were also notable for oscillatory side lobes around the peak (arrows in Fig 2A) , in the 305 gamma range (30-50 Hz); the gamma power in the CCG (calculated within 100 ms of zero 306 time lag) was significantly higher for pairs in the middle than superficial (p=1.2x10 -7 ) and 307 deep (p=3.2x10 -4 ) layers. 308 309
To isolate synchronous activity from slower co-fluctuations, we used a previously 310 described method of correcting the raw CCG of each pair with a predictor derived from 311 jittered data (10 ms jitter window; see Methods). The most prominent peaks in these jitter-312 corrected CCGs were in the middle layers (Fig 2B, note whether the laminar dependence of r sc and timing correlations were also reflected in the 327 LFP. 328 329
We measured normalized LFP power for frequencies from 0-80 Hz, and found substantial 330 laminar variation. Low frequency (0-10 Hz) power was a dominant component of the LFP 331 across the cortical layers, with a peak in layer 6 and weaker values in the middle and very 332 superficial layers (Fig 3A) . The proportion of power in the gamma frequencies (30-50 Hz) 333 was highest in the middle and superficial layers (Fig 3B) wished to match the eccentricity of our recordings in V1, we recorded in a portion of V2 359 that was buried in the posterior bank of the lunate sulcus, making it difficult to ensure 360 orthogonal penetrations. Therefore, we used an alternative strategy for determining the 361 location of the inputs layers: we measured whether a particular location in V2 received 362 input from V1 by pairing our V2 recordings (made with 5-7 microelectrodes or tetrodes, 363 advanced as a group) with microelectrode array recordings in the superficial layers of V1. 364
We then calculate the spike-train CCGs between all V1-V2 pairings, to test for evidence of a 365 functional interaction between them (Tanaka, 1983; Reid and Alonso, 1995). 366 367
The average jitter-corrected V1-V2 CCGs for 9 recording sites sampled sequentially across 368 V2 layers in a single penetration are shown in Figure 4A . At deep (bottom) and superficial 369 (top) sites, CCGs did not have sharp peaks. At intermediate locations-typically at two or 370 three sites-sharp peaks were evident (red). These were offset from 0 ms time lag (V1 371 firing before V2), by 2.2 ms on average. These peaks were observed only when the V1 and 372 V2 spatial receptive fields were precisely aligned (center-to-center spacing of less than 1 373 degree) and at nominal depths typically 400-800 μm from the layer 6/WM border 374 (Zandvakili and Kohn, 2010) , consistent with the expected location of V1 terminals in layer 375 4 and deep layer 3 of V2 (Van Essen et al., 1986; Rockland and Virga, 1990) (see white 376 arrowheads in Fig 1C for location of layer 4) . We interpret these peaks as indicating a 377 functional connection from V1 to V2 (Reid and Alonso, 1995; Zandvakili and Kohn, 2010) 378 and defined those sites at which we observed a sharp peak in the average V1-V2 CCG 379 (across all pairs and stimulus orientations) as being in the input layers of V2. In 2 380 penetrations, electrolytic lesions performed after the recordings confirmed that the first 381 recorded site was near the layer 6/WM border, and that the locations with sharp peaks 382 were centered in the middle layers. 383 384
We then measured correlations among V2-V2 pairs recorded simultaneously at each depth. 385
In contrast to our observations in V1, we found no evidence for r sc to differ significantly 386 across layers (Fig 4B) . In layers with sharp peaks, the mean r sc (0.162±0.014) was not 387 different from that in the other layers (0.153±0.010, p=0.54), and it was significantly 388 greater than 0 (p=5.5x10 -21 ). The mean r sc value in V2 was significantly larger than in V1 389 overall (p=2.4x10 -9 ). This was also true in the superficial and middle layer subgroups 390 (p=1.0x10 -7 and 3.0x10-10 ), but there was no significant difference between V1 and V2 in 391 the deep layers (p=0.64). Low frequency (0-10 Hz) LFP power recorded from the same 392 electrodes in V2 was not significantly different between the input layers and other layers 393 (normalized power of 0.886±0.012 vs. 0.896±0.010; p=0.66). 394 395
We also compared the laminar dependence of spike timing correlations for V2-V2 pairs. We 396 found broad peaks in shuffle-corrected CCGs at all three locations, consistent with the r sc 397 values shown in Figure 4C . As in V1, synchrony was stronger in the input layers than in 398 other layers (Fig 4D; Previous studies have established that correlations depend on response strength, the 440 response window, the distance between recorded neurons, the quality of spike isolation 441 and sorting, and the tuning similarity of the constituent neurons (Cohen and Kohn, 2011). 442
The laminar differences in V1 r sc values cannot be ascribed to any of these factors. In the 443 middle layers, firing rates were higher on average than in the superficial and deep layers. 444 We measured responses under identical stimulus conditions in each penetration, and the 445 distance between recorded pairs was the same in all layers. We cannot rule out differences 446 in spike isolation, although we used tetrodes and high-impedance electrodes to ensure high 447 quality recordings (Gray et al., 1995). However, if isolation quality varied, it would be 448 expected to be worst in the middle layers because of the high density and small size of layer 449 4C stellate cells. This would cause r sc there to be higher than in other layers (Cohen and  450 Kohn, 2011), opposite to our findings. 451 452
There are several, not mutually exclusive, sets of mechanisms that may contribute to the 453 laminar dependence of correlations. First, the low r sc values in V1 middle layers may arise, 454 in part, because this network receives feedforward input from the LGN, where responses 455 are relatively independent (Cheong et al., 2011). This could also contribute to the drop in 456 r sc we observed at the deepest recording sites, presumably in layer 6 (Fig 1A) , which also 457 receives substantial thalamic input. Interestingly, the koniocellular layers of the LGN, which 458 project to the superficial layers of cortex (Chatterjee 
